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Why We Must Invest in Science and Technology

ά±ƛŎǘƻǊȅ ǎƳƛƭŜǎ ǳǇƻƴ ǘƘƻǎŜ ǿƘƻ ŀƴǘƛŎƛǇŀǘŜ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ 
character of war, not those who wait and adapt themselves after the 
ŎƘŀƴƎŜǎ ƻŎŎǳǊΦέ ϝ

Giulio Dauhet

Italian Airpower Theorist, 1928

ϝ ¢ŀƪŜƴ ŦǊƻƳ ǘƘŜ CƻǊǿŀǊŘ ƻŦ  ǘƘŜ !ƛǊ CƻǊŎŜ {ǇŀŎŜ /ƻƳƳŀƴŘ /ƻƳƳŀƴŘŜǊΩǎ {ǘǊŀǘŜƎƛŎ LƴǘŜƴǘ



Shaping the Future Force
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ά! combination of technology, operational concepts, 
and organizational constructs to maintain our ability 
to project combat power into any area, at a time and 
place of our own choosingΦέϝ

*Speech by Defense Deputy Secretary Robert Work at the European Policy Center, 29 April 2016
http://www.defense.gov/News/Article/article/746336/work-us-nato-must-use-21st-century-approaches-for-deterrence-dominance



Why Operational Agility Matters

Å Air Force Future Operating Concept:

ÅάLƴ нлор !C CƻǊŎŜǎ ǿƛƭƭ ƭŜǾŜǊŀƎŜ ƻǇŜǊŀǘƛƻƴŀƭ ŀƎƛƭƛǘȅ ŀǎ ŀ ǿŀȅ ǘƻ ŀŘŀǇǘ ǎǿƛŦǘƭȅ ǘƻ ŀƴȅ 
situation or enemy action. Operational agility is the ability to rapidly generate ς
and shift among ςmultiple solutions for a given ŎƘŀƭƭŜƴƎŜΦέ ώǇƎΦ нϐ

Åά¢ƘŜ !C CǳǘǳǊŜ hǇŜǊŀǘƛƴƎ /ƻƴŎŜǇǘ ŜƴǾƛǎƛƻƴǎ ŀ ŦǳǘǳǊŜ ƛƴ ǿƘƛŎƘ ƛƴŦƻǊƳŀǘƛƻƴ 
technologies permeate almost every object. Cyberspace will no longer be clearly 
separable from the physical domains, as actions in cyberspace will create effects in 
all other ŘƻƳŀƛƴǎΦέ ώǇƎΦ сϐ

http://www.af.mil/Portals/1/images/airpower/AFFOC.pdf



AFFOC Implications

Å Diverse portfolio of air/ space/cyber 
capabilities

Å Multi -domain counters to A2/AD 
environments

Å Modern munitions, emitters, and 
platforms

Å Tailored forward presence and 
streamlined logistics

Å Autonomous processing, exploitation, 
dissemination

Å Reduced classification barriers
Å Advanced decision aids for 

human/system teaming
Å Advanced M&S for multi-domain 

operations
Å Human/computer systems and 

networks for secure collaboration

Å Improved trust relationships for enhanced 
teaming

Å Mix of manned, remotely operated, and 
autonomous systems

Å Modular and configurable systems

Å Balanced pool of airmen expertise and 
experience

Å Organic additive manufacturing

Å Cognitively-ready airmen

Å LVC training for multi-domain operations

Å Optimized Human-Systems Integration 

Å Human-System teaming for ISR/C2

Å Strong external partnerships

*Air Force Future Operating Concept: A View of the Air Force in 2035, September 2015



Long Term Space S&T 
Challenges

S1 - Enhanced multi-domain and multi-phenomenology Space 
Situational Awareness, Battlespace Awareness, and ISR

S2 - New technologies applicable to space based capabilities

S3 - Enhanced space access and logistics

S4 - New concepts in space ground operations

S5 - Dynamic new technologies applicable to all space systems



Long Term S&T Challenge:  
Enhanced multi-domain and multi-phenomenology 

Space Situational Awareness,
Battlespace Awareness and ISR  - S1

Briefer: Dr Michele Gaudreault

Contributors:  Kevin Hopkins

Bob Lopez 



Why [S1] matters to AFSPC

Å Current situation

Å Stovepipes ςǎȅǎǘŜƳǎ ŘƻƴΩǘ ǘŀƭƪ ǘƻ ƻƴŜ ŀƴƻǘƘŜǊ

Å Lack of real-time communication impacts situational awareness

Å Data reliability 

Å Lots of disparate data, but lack ability to turn it into information

Å Why this is not enough

Å Distractors impact operations

Å/ŀƴΩǘ ŘƛǎǘƛƴƎǳƛǎƘ ōŜǘǿŜŜƴ ƴŀǘǳǊŀƭ ǎǇŀŎŜ ŜŦŦŜŎǘǎ ŀƴŘ ƛƴǘŜƴǘƛƻƴŀƭ ƛƴǘŜǊŦŜǊŜƴŎŜ

Å How should this look in the end?

Å Quick identification of emerging threats 

Å Multi -level, multi-domain fusion of information to enable complete, real-time 
Battlespace Awareness



Enhanced multi-domain and multi-phenomenology Space Situational Awareness,
Battlespace Awareness and ISR - S1

S1. Enhanced multi-domain and multi-phenomenology Space Situational Awareness,
Battlespace Awareness and ISR ςEffective use of advancing sensor technologies to provide
information of activities in the terrestrial, air, and space domains, including exploitation of
multiple spectral regimes (infrared, ultraviolet, radio, optical, etc.), and the integration and human
interface of the sensor-derived information.
S1.a. Technologies that will provide commanders with pre-decisional understanding of the space
situation, adversary actions, environmental variables, attribution (natural versus man-made), and
present courses of action. Predictive technologies underpinned by trusted data sources and
resilient communication systems.
S1.b. New technologies/techniques to improve visualization and understanding.
S1.c. Technologies could include improved sensors which will provide detection and characterization
of all events of interest in a format which will be ingestible by the Command and Control (C2)
systems.
S1.d. Revolutionize space and cyberspace Battle Management Command and Control (BMC2) and
integrate these capabilities tightly with other multi-domain military operations.



SA + ISR = BATTLESPACE AWARENESS
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SSA & Predictive technologies - S1.a

Å Technologies that will provide commanders with pre-decisional understanding 
of the space situation, adversary actions, environmental variables, attribution 
(natural versus man-made), and present courses of action. 

Å Predictive technologies underpinned by trusted data sources and resilient 
communication systems.

Å We need reliable data, advanced processing and analysis techniques, and 
robust methods to conveythe decision space to the commander. 



New visualization technologies/techniques - S1.b

Å New technologies and techniques to improve visualization and understanding.

Å We need better ways to enable space operators to quickly comprehend  and 
integrate the diverse space environment technical collects and understand the 
implications of activities occurring in space.



Improved sensors for detection & characterization - S1.c

Å Technologies could include improved sensors which will provide detection and 
characterization of all events of interest in a format which will be ingestible by 
the Command and Control (C2) systems.

Å Better characterization of the space environment ςand the ability to convey 
ingest that information into our C2 systems ςis critical to attaining space 
superiority



Integrated, Revolutionary BMC2 across all domains - S1.d

Å Revolutionize space and cyberspace Battle Management Command and 
Control (BMC2) and integrate these capabilities tightly with other multi-
domain military operations.

Å To regain the upper hand in space and cyberspace, we need to transform our 
C2 systems and fully integrate them with air, land, and sea military operations.



Final Thoughts ςS1

Å Quick identification of emerging threats

Å We need technology to enable the intelligent fusion of ISR and SSA to provide 
decision quality information to commanders

Å Multi -level, multi-domain, timely

Å Fully integrated C2 systems with our joint and allied partners

Å Questions:

Å Can sensors be developed which operate in new or broader portion of the 
spectrum?

Å How can sensor information be processed (including integration of various types of 
sensors and mission-tailored processing) and presented to personnel to enable 
improved, trusted, and time-sensitive decision-making?



Q&A



Long Term S&T Challenge:
New technologies applicable to 

space based systems ςS2

aǊΦ wƛŎƘŀǊŘ άwŀƎǎέ .ƻƭƭŜǊ  

HQ AFSPC/A8XP - Aerospace



Why [S2] matters to AFSPC

Å Current situation

Å Large stovepipe satellites with single missions

Å Sitting ducks

Å One-of-a-kind satellites

Å Why this is not enough

Å Changing adversaries

Å Changing technologies

Å Everything is moving

Å How should this look in the end?

Å Completely networked

Å Cross-functional and resilient constellations 

Å Paradigm shift from today



SA + ISR = BATTLESPACE AWARENESS
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S2. New technologies applicable to space based systems

a. Smaller, networked and functionally resilient satellites and/or satellite constellations for 
communications, position navigation and timing (PNT) , space situational awareness (SSA), 
and launch detection/missile warning operations in contested/degraded environments

b. Cognitive systems for secure, agile, and self-healing.

c. Spacecraft resilience to, and reconstitution from, natural and manmade events.

d. Electromagnetic spectrum and exo-electromagnetic spectrum technologies for 
transmitting communications and satellite commands unimpeded and undetected.

e. Alternatives for ground and communications systems that increase capacity and 
connectivity with new approaches and phenomenology, frequency, reuse, routing and node 
concepts (e.g. waveforms, proliferated relay architectures, packetizing at spacecraft/relay 
level, data management of variety of priority, data type, data sensitivity and latency 
requirements).

New technologies applicable to space based systems ςS2



The Way Forward ςS2

Å 2.a. Smaller, networked and functionally resilient satellites and/or satellite 
constellations for communications, position navigation and timing (PNT) , space 
situational awareness (SSA), and launch detection/missile warning operations in 
contested/degraded environments

Å Keys:
Å Smaller

Å Networked

Å Functionally Resilient

Å Focus:
Å Comm

Å PNT

Å SSA

Å LD/MW

Å Contested/degraded environments



The Way Forward ςS2

2. b. Cognitive systems for secure, agile, and self-healing.

Å Keys: 

Å Thinking systems

Å Rapidly moveable systems

Å Systems that when damaged can fix themselves



The Way Ahead ςS2

2.c. Spacecraft resilience to, and reconstitution from, natural and manmade 
events.

Å Keys:

Å Resilience is a recurring theme

Å If resilience fails ςWhat is our reconstitution architecture and timeline

Å Space is not a refuge or benign environment



The Way Ahead ςS2

2.d. Electromagnetic spectrum and exo-electromagnetic spectrum technologies 
for transmitting communications and satellite commands unimpeded and 
undetected.

Å Keys:

Å Electromagnetic spectrum is exhausted and sold off

ÅV & W band are inhospitable base of other bands

Å Is there new technology outside the electromagnetic spectrum?

Å Desires:

Å New sanctuaries for communications and satellite TT&C



The Way Ahead ςS2

2. e. Alternatives for ground and communications systems that increase capacity and 
connectivity with new approaches and phenomenology, frequency, reuse, routing and 
node concepts (e.g. waveforms, proliferated relay architectures, packetizing at 
spacecraft/relay level, data management of variety of priority, data type, data 
sensitivity and latency requirements).

Å Keys:
Å If we cannot exploit NEW technologies how do we BETTER exploit that which we have?

ÅWaveforms

ÅProliferated relay architectures

Å Frequencies

ÅReuse (Cognitive, Multiplexing)

ÅPacketizing

ÅData management

ÅData Type

ÅData Sensitivity & Latency



Final Thoughts ςS2

Å Existing technologies are approaching exhaustion
Å Spectrum is full and sold off

Å New Technologies are very applicable
Å Bring forward new concepts so there is time to develop them
Å We need to assess:

Å Benefits
Å Risks
Å Limitations
Å Timelines
Å Defined work and commercial development??

Å Questions (same as S1):
Å Can sensors be developed which operate in new or broader portion of the spectrum?
Å How can sensor information be processed (including integration of various types of sensors 

and mission-tailored processing) and presented to personnel to enable improved, trusted, 
and time-sensitive decision-making?



Q&A



10 min Break



Long Term S&T Challenges:  
Enhanced Space Access - S3

Introduction of Briefer:  A2/3/6SR



AFSPC Long-Term S&T Challenges ςS3

S3. Enhanced Space Access and Logistics. Use of evolved techniques to deploy space-based capabilities, 
such as multiple-payload boosters, space-plane deployment, and on-orbit construction (3-d, 
robotic, mini-factory, space station)
a. Advanced innovations for space transport and servicing; new transport capabilities to and through space, 

logistics support capabilities for space vehicles 
b. Companion microsatellites attached on larger payloads, designed to separate and potentially connect with 

other microsatsto enable increased mission synergy
c. Development of lunar-based or orbiting manufacturing station with 3-D printing, construction capability, 

fueling, and potential data relay or diagnostics capabilities
d. Robotic/remote-controlled harvesters of defunct satellite components and materials to develop or 

regenerate satellites  
e. Trans-atmospheric vehicle to near-space with subsequent boost of a hosted space access vehicle
f. Rail-launched delivery system using magnetic rail-gun or other technology to initiate scramjet or super 

impulse propulsion
g. Rapid Launch Capability to enable rapid reconstitution of space-based capabilities
Å Other AFSPC/CC άƳǳǎǘ ƘŀǾŜǎέΥ  

Å Robust, responsive, and resilient space transportation capabilities that are available to enable and advance civil and 
ƴŀǘƛƻƴŀƭ ǎŜŎǳǊƛǘȅ ƳƛǎǎƛƻƴǎΦέ  όb{¢tΣ нм bƻǾ моύ

Å όмύ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ŀǘ ƭŜŀǎǘ ǘǿƻ ǎǇŀŎŜ ƭŀǳƴŎƘ ǾŜƘƛŎƭŜǎΧ ŀƴŘ όнύ ŀ Ǌƻōǳǎǘ ǎǇŀŎŜ ƭŀǳƴŎƘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ 
ōŀǎŜΦέ  ό¦{/ ¢ƛǘƭŜ млΣ {ǳōǘƛǘƭŜ !Σ tŀǊǘ L±Σ /ƘŀǇ морΣ {ŜŎǘƛƻƴ ннтоύ

Å Other goals in space access: Mission Assurance, Public Safety, Return to Flight following errant events



ASSURED SPACE 
ACCESS VISION

23 August 2016

HQ AFSPC/A236SRThese charts were removed for public release.


